A new Australian Standard specifies the quality of light necessary for an accurate assessment of a patient's colour. It is based on a series of experiments utilizing the latest technology in the field of artificial lighting. TERMINOLOGY Light sources are now described in terms of their colour temperature and colour rendering index. The basis of this terminology will be briefly outlined.
All objects will emit light if heated to a sufficiently high temperature. An iron bar, if heated, will appear red, then yellow, then white, then bluish white as its temperature rises. The colour of a heated object depends on its temperature only, and not on the type of material being heated. The colour of the radiation emitted by a " full radiator" (theoretical black body radiator, Plankian radiator) is used as the standard with which light sources are compared. The "Colour Temperature" (Tc) of a light source is the temperature, in degrees Kelvin, of a full radiator whose appearance matches that of the light source in question. Fluorescent lights emit an irregular spectrum and are described as having a "Correlated Colour Temperature ". The spectral energy emitted by a full radiator at various temperatures is illustrated in Figure 1 . At 800 0 K to 900 0 K the emitted light appears red, at 3000 0 K yellow, above 8000 o K, blue. Between 3000 0 K and 70000K it is \vhite, being pure white at 5000 0 K when all wavelengths are represented equally. \Vhite light may also be obtained with a mixture of blue, green and yellow light (l\Iedical Research Council 1965) . Although this light will have the same appearance as the light from a full radiator, its colour rendering properties will be different, i.e. the colour of objects illuminated by it will be different.
The apparent colour of an object depends on the amount of light in different parts of the spectrum reflected off it. It depends partly on the colour of the object and partly on the spectral composition of the light falling on it.
If the illuminating light is rich in a certain colour, it will tend to impart this colour to the object. If the illuminating light is deficient in the colour of the object, the object will appear black (Boyers 1970) . A balanced spectrum of light, as in a full radiator, is therefore essential for good colour rendering. Figure 2 illustrates the spectral energy of the widely used "white" fluorescent tube. The dotted line represents a full radiator at that colour temperature. Kote the low output in the red. This is one reason why a flushed healthy patient may seem cyanosed under this light.
The degree that a light approaches a full radiator is indicated by its " Colour Rendering Index" (R). The" Average Colour Rendering Index" (Ra) is calculated from the apparent change in colour of eight standard colour chip~ when illuminated first by a full radiator and then by the light under test. There are also special colour rendering indices using special test colours. R13 is the Colour Rendering Index based on the" standard colour 13 " representing human complexion.
A full radiator has a colour rendering index of ] 00. The human eye cannot detect a difference of less than five points. A light with a colour rendering index of 95 will therefore be indiscernable from a full radiator.
LIGHTING STANDARDS
In 1965, the British Medical Research Council published results of experiments designed to find the best light for clinical observation (Medical Research Council 1965) . Pathology and bacteriology specimens, and patients with skin rashes, cyanosis or jaundice were observed under different light sources. (The observations of cyanosis were limited). Because of the limited range of high quality light sources available at that time, the only lights used with a high colour rendering index had colour temperatures of 2400oK, 2650 o K, 2800 0 K and 4100oK. Other light sources were also used but they had lower colour rendering indices.
The high quality light source with a colour temperature of 41000K was superior to all others used in the test. This colour temperature was recommended for the British standard. (This light is similar to the light of the English midwinter midday sun).
In 1969, lighting technology had advanced to the stage where it was possible to supply light sources with high colour rendering indices over a very wide range of colour temperatures (Hood 1969) . The Standards Association of Australia therefore decided to conduct experiments to determine the range of colour temperatures and colour rendering indices of light sources which would allow an accurate assessment of cyanosis.
Anaesthesia and Intensive Care, Vol. V, No. 1, February, 1977 Patients with varying degrees of cyanosis were illuminated by mixtures of fluorescent lights. The combinations of fluorescent lights were chosen by a computer to give a wide range of colour temperatures and colour rendering indices. Thirteen patients with arterial oxygen partial pressures ranging from 98 mm Hg to 42 mm Hg were viewed. Their colour was assessed by a large number of trained observers, both doctors and nurses. It was found that cyanosis could be detected accurately if the correlated colour temperature (Tc) and colour rendering index (Ra and R 13 ) of the light source lay within the boundaries illustrated in Figure 3 . Above 5500 o K, a significant number of observers judged noncyanosed patients as cyanosed. Below 3200oK, a significant number of observers judged as normal, patients who were in fact, cyanosed. Consistent results were obtained with light sources with colour rendering indices above the sloping line, and irregular results were obtained below that line.
ACCEPTABLE FLUORESCENT TUBES
Only two types of readily available fluorescent tubes fall within the above limits.
(a) The imported Philips "TL40W/37 Special White Deluxe" tube ( Figure 4) Figure 2) . This allows good colour rendering and an accurate assessment of a patient's colour.
The English "White Deluxe" tubes have a correlated colour temperature of 2800 0 K and therefore do not comply with the Standard. I t is likely that other brands of fluorescent tubes with specifications within the above limits may soon become available.
The Standard allows a 10% difference III colour temperature if more than one type of acceptable fluorescent tube is used in anyone area. The" \\'hite Deluxe " and" TL40W/37 " have a colour temperature difference just on that limit and can be mixed. The computer shows that a mixture of equal numbers of these tubes gives light well within the specified limits (Tc 3931°K Ra 90 '0, I~13 91'7). :\lany commonly used light sources do not comply with the Standard. Tungsten filament lamps have a colour temperature less than 3200°K. These may therefore mask cyanosis. The widely used "White" fluorescent tube is well outside the accepted limits, as is the" Osram 3500 o K" which was recommended by the N.s.W. Hospitals Commission as an interim measure pending the publishing of the new Standard. The "Warm White ", "Warm White Deluxe" and "Daylight" fluorescent tubes are also unacceptable.
ApPLICATIOX OF THE STANDARD
By implementing the Standard in stages, great improvement in lighting is possible with minimal initial cost.
Firstly, a copy of the new Standard should be purchased (SJ .50 plus postage from all Standards Association of Australia offices). Secondly, the existing fluorescent tubes in critical observation areas should be replaced with" \\'hite Deluxe " or " TIAO\V/37 " tubes. The ordinary tubes which have been removed are then kept as replacements for non-clinical areas of the hospital e.g. the administration block.
I t may be necessary to increase the number of fluorescent tubes in the obsen'ation areas. The " TL40\\'j:)'j' .. only has tiO" 0 of the light output of a standard" White" tube, and the" White Deluxe" only 72"~. However the commonly used two bar fluorescent fitting can be adapted to accept a third tube without great expense.
The Standard specifies a minimum light intensity of !JOO lux at a height of onc metre above the floor (the approximate height of a patient's head on a trolley or bed). As the light output of fluorescent tubes decreases with time, it is important that the light intensity is regularly checked with a light meter, and the tubes replaced if necessary "'hen their efficiency drops, rather than waiting for them to wear out and fail completely.
The new Standard suggests areas where good lighting is necessary. It must be stressed that corridors and lifts where sick patients are transferred must have good lighting.
The new Standard is a very comprehensi\'e document. This paper onl~' covers some aspects of it. 2. A level of arterial oxygen partial pressure corresponding to cyanosis was established experimentally'. The patients were viewed under a wide range of lights with colour rendering indices greater than 91. When the oxygen partial pressure was above 80 mm Hg, nearly all observers said that there was no cyanosis. Below 50 mm Hg, nearly all said there was cyanosis. These results were plotted on a graph, yielding an S shaped curve, with a very steep slope between 75 mm and ;')0 mm oxygen partial pressures. At 66 mm Hg, 50% of observers said that cyanosis was present and 50% said it was not. This was therefore taken as the cyanosis point. This figure corresponds to the cyanosis point used by other workers (Kelman and Nunn 1966) . At 37°C and at a pH of 7 '40, a Pa0 2 of 66 mm Hg corresponds to an oxygen saturation of 93%.
